Suboptimal levels of feeding in critically ill patients are associated with poor clinical outcomes. The Enhanced Protein-Energy Provision via the Enteral Route Feeding (PEPuP) protocol was developed to improve nutritional delivery in the critically ill and has been studied in several hospitals. However, the experience with this protocol in surgical patients is limited to date. The objective of this analysis was to describe the experience with this protocol in surgical patients. We analysed observational patient data obtained from the 2013 International Nutrition Survey. We compared nutritional practices and outcomes of patients admitted for surgical and medical reasons to ICUs in sites that implemented the PEPuP protocol. We used surgical ICU patients in non-PEPuP sites as a concurrent control group. In sites that implemented the PEPuP protocol, surgical patients received a smaller proportion of prescribed calories (43% versus 61%, P=0.004) and protein (38% versus 57%, P=0.002) compared to medical patients. When compared to the cohort of surgical patients from control sites, the surgical patients from PEPuP sites received similar amounts of calories and protein. Although surgical PEPuP patients were more likely to receive trophic and volume-based feeds compared to surgical patients in control sites, other aspects of the PEPuP protocol were not adequately implemented. We conclude that nutritional delivery to surgical patients remains inadequate and the PEPuP protocol seems ineffective in improving nutritional intake in this population. Further research to determine methods of optimising PEPuP protocol implementation and adherence in surgery patients is needed.
Nutritional therapy is part of standard care provided to critically ill patients and is preferentially administered via the enteral route [1] [2] [3] . However, gastrointestinal motility is markedly affected by critical illness 4 and patients admitted for surgical reasons have unique challenges for the clinician contemplating nutrition therapy when compared to critically ill patients admitted with a medical diagnosis [5] [6] [7] .
Observational data consistently show associations between inadequate delivery of nutrients to critically ill surgical patients and adverse outcomes, such as poor wound healing, higher complication rates, and increased mortality [8] [9] [10] [11] . For these reasons, there is a rationale to augment nutrient delivery in patients admitted for surgical reasons to an ICU.
Recently, a novel enteral feeding protocol, designed to overcome the main barriers to adequate delivery of enteral nutrition-the Enhanced Protein-Energy Provision via the Enteral Route Feeding (PEPuP) protocol-was evaluated when compared to a standard feeding protocol in a wide range of ICUs 12 . Use of the PEPuP protocol resulted in a 12% to 15% increase in the amount of protein and calories received by the patient in the context of a cluster randomised multicentre trial 12 . However, the majority of patients studied were admitted for a medical rather than a surgical issue. Whether the implementation of this novel nutrition protocol can augment nutritional delivery to the subgroup of patients admitted for surgical reasons is largely unknown.
The objectives of our study were i) to determine if the implementation of the PEPuP protocol would improve nutritional delivery and outcomes in the subgroup of patients admitted for surgical reasons compared to surgical patients who were not fed according to the protocol; and ii) to determine if the implementation of the PEPuP protocol was more effective in surgical than in medical critically ill patients. We hypothesised that patients admitted for surgical reasons to sites that implemented the PEPuP protocol would receive similar amounts of calories and protein as patients admitted for medical reasons, and that these amounts would be greater than patients admitted for surgical reasons to other centres.
Materials and methods
To evaluate the effectiveness of PEPuP in surgical patients, we analysed observational patient data obtained from the 2013 International Nutrition Survey (INS), a survey of nutritional therapies in ICUs worldwide, with over 150 participating ICUs. This ongoing quality improvement initiative aims to compare current nutritional practices in ICUs within and across different countries. The INS prospectively enrolled eligible patients who were critically ill adults, mechanically ventilated prior to or within the first 48 hours of ICU admission and who stayed in the ICU for at least 72 hours. On the first day of the survey, sites screened all patients located in their ICU and began collecting data on all eligible patients. Sites continued to screen each newly admitted patient, aiming to identify at least 20 consecutive eligible patients.
We compared nutritional and other outcomes of patients admitted for surgical and medical reasons to ICUs in sites that implemented the PEPuP protocol. To determine whether surgical patients fed according to the PEPuP protocol received more nutrition than patients fed without the protocol, we compared patients at sites that implemented the protocol to sites that contributed to the INS but did not implement the PEPuP protocol.
Data collection
Data collected included characteristics of participating sites and demographic data, nutrition prescriptions, characteristics of feeding and nutritional outcomes of participating patients. Patients were followed prospectively for a maximum of 60 days and we report on duration of mechanical ventilation, ICU stay and hospital stay, as well as survival at 60 days. Nutrition prescriptions were not standardised, but the prescribed and received proteins and calories were documented. The amount of protein and calories provided by a goal feeding regimen was determined at the initial assessment, using enteral or parenteral nutrition (EN or PN), according to the physician's or dietitian's recommendation. Feeding characteristics, which include the number of EN interruptions and reasons for doing so, were collected. The nutritional outcomes included the amount and type of nutrition received and the initial feeding strategy, collected from ICU admission until ICU discharge or death, or for a maximum of 12 days. Data were captured from patient records and entered online using a secure web-based electronic data capture system. Different variables to quantify patients' risk of malnutrition, morbidity and mortality are used. The Nutrition Risk in Critically Ill (NUTRIC) score is designed to quantify the risk of critically ill patients developing adverse events that may be modified by aggressive nutritional therapy. It incorporates age, the Acute Physiology and Chronic Health Evaluation II score and the Sequential Organ Failure Assessment score. The Sequential Organ Failure Assessment score is a scoring system that determines the extent of a person's organ function or rate of failure. The score is based on six different scores; one each for the respiratory, cardiovascular, hepatic, coagulation, renal and neurological systems. The Acute Physiology and Chronic Health Evaluation II and Sequential Organ Failure Assessment are designed to measure the severity of disease for adult patients admitted to ICUs, and while there are slightly more sophisticated scoring systems available, these scores provide an estimate of illness severity and are widely available at no cost.
Statistical approach
Site and patient characteristics, patient outcomes and nutrition variables (prescriptions, process variables and adequacy) were compared between medical and surgical PEPuP patients and between surgical patients in PEPuP and control sites. All categorical variables are described as counts and percentages. Continuous variables are described as means and standard deviations.
Adequacy of EN refers to the percentage of prescribed calories and proteins received from EN. Adequacy of total nutrition was expressed as the percentage of caloric and protein prescriptions received from either EN, or PN when there was a reported contraindication for EN, during the first 12 days in the ICU. Calories from propofol infusions (>6 hours duration) were also included in the daily calorie counts. Days without EN or PN were included and counted as 0% adequacy while days after permanent progression to exclusive oral intake were excluded. Permanent progression to exclusive oral feeding occurred when a patient had begun oral feeding and subsequently did not receive any EN or PN during the remaining days of data collection. Patients prescribed PN only were excluded from this analysis, as they would not have received the PEPuP protocol.
Differences between groups were calculated based on mixed models for continuous outcomes and Rao-Scott chi-square test for categorical outcomes, both accounting for ICU clustering. Comparisons for length-of-stay variables (mechanical ventilation, ICU length of stay, and hospital length of stay) were estimated by the score test with robust standard errors and clustering ICU. The PEPuP surgical patient group was used as a reference.
Analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA). Ethical approval for the INS was obtained from the Research Ethics Committee of Queen's University, Kingston, Ontario (Approval No. DMED-984-06). In addition, local ethical approval was obtained from each participating site, if required by the site's local board.
Results

Demographics
In the 2013 INS, there were 202 ICUs from 26 countries that contributed data from 4073 patients. Of the participating sites, 13 (6.5%) were using the PEPuP protocol. Two thousand, four hundred and eleven patients were admitted with a medical diagnosis from an ICU that was not using the PEPuP protocol and so were excluded from this analysis. The remaining 1662 patients (n=181 ICUs) were included for analysis ( Figure 1) . The majority of the 181 ICUs included were non-teaching hospitals with a 'closed' ICU structure ( Table 1 ). All of the PEPuP sites employed a dietitian, whereas only 80% of the non-PEPuP sites had a dietitian and only 75% used a standardised feeding protocol (Table 1 ). There were 249 patients enrolled in ICUs using the PEPuP protocol and 192 of these patients were admitted with medical diagnoses and 57 had surgical diagnoses (Figure 1 ). Data from 1413 surgical patients in non-PEPuP sites formed the concurrent 'control' group.
Characteristics of feeding
EN was the preferred method of providing nutrition in all groups. However, medical patients in PEPuP sites were more likely to receive EN only compared to surgical patients (Table  2 ). There was no difference in the timing of initiating EN in PEPuP sites versus control or within PEPuP medical versus surgical (Table 3a) . PN was administered more frequently in surgical PEPuP patients in comparison with medical PEPuP patients (surgical PEPuP 15% versus medical PEPuP 8%, P=0.002) ( Table 2) .
Compared to medical patients at PEPuP sites, surgical patients were more likely to be kept fasting and less likely to receive volume-based feeds ( Table 2 ). However, compared to surgical patients in control sites, they were more likely to receive trophic feeds and volume-based feeds ( Table 2 ). Only 28% of surgical patients at PEPuP sites ever received semidigested solutions compared to 50% of medical patients from PEPuP sites (P=0.03), although this was more than in surgical patients in control sites (6%, P=0.001). Not all patients received protein supplements, but the proportion of patients receiving protein supplements was similar in medical and surgical patients at PEPuP sites (64% versus 65%) and greater than the proportion of surgical patients at control sites (17%, P <0.001) ( Table 2 ). Less than half of patients at PEPuP sites received empiric motility agents, but rates were not different between medical and surgical patients. All surgical PEPuP patients received motility agents when having high gastric residual volumes, whereas only 71% of such surgical patients from control sites received those agents (P=0.13) ( Table 2) .
Compared to medical patients in PEPuP sites, the amount of days fasted were similar (surgical PEPuP 72 (15%) versus medical PEPuP 278 (15%); P=0.79) but the number of EN interruptions was lower in surgical patients (surgical PEPuP 104 [22%] versus medical PEPuP 401 [32%]; P=0.005) ( Table 3) . The most frequently listed reasons for interruption of EN were fasting for endotracheal intubation or extubation. 
Nutritional outcomes
In PEPuP sites, surgical patients received a smaller proportion of prescribed calories (43% versus 61%, P=0.004) and protein (38% versus 57%, P=0.002) compared to medical patients (Table 4 and Figures 2a and 2b) . When compared to the cohort of surgical patients from control sites, the patients admitted for surgical reasons to PEPuP sites received similar amounts of calories and protein (Table 4 and Figures 2a and 2b ).
Discussion
The PEPuP protocol features an aggressive multifaceted feeding strategy which includes 1) a 24-hour volume goal rather than an hourly goal rate while still enabling an option to initiate 'trophic feeds' or a low volume of a concentrated feeding solution; 2) use of a semi-elemental feeding solution instead of a standard polymeric solution to improve tolerance; 3) prophylactic use of protein supplements and motility agents; and 4) setting a higher value for tolerated gastric residual volume (300 ml). We conducted a multi-centre observational study to examine the success of this novel feeding protocol in surgical patients. In 2013, 13 ICUs had implemented the PEPuP protocol and collected data as a part of the INS. The main observation from our study is that, even at the sites where the PEPuP protocol was used, surgical patients received less calories and protein than medical patients at the same sites and similar amounts of nutrition as surgical patients in other ICUs not using the PEPuP protocol. There is some sense that aspects of the PEPuP protocol were partially implemented in these surgical patients as they received more protein supplements, and volume-based and trophic feeds were prescribed initially more frequently than to surgical patients from control sites. The magnitude of these changes was insufficient to increase overall protein and caloric intake via the enteral route. Furthermore, PN is more likely to be used in surgical patients than medical patients at these PEPuP sites.
The reasons for reduced delivery of EN (and the more frequent use of PN) in surgical patients are multifactorial. For one, they may experience interruptions to EN, due to an upcoming operation, impending extubation, or other cause. While interruptions are unavoidable to ensure patient safety, consensus-based guidelines exist to minimise the time spent off nutrition 13 . In addition, if the patient is on volume-based feeds, bedside clinicians can make up for time off feeds by increasing the subsequent rate of infusion.
Surgical patients are prone to analgesia-induced gastrointestinal motility problems 14 . The use of opioids postoperatively compromises gastrointestinal motility and hence the uptake of nutrition. There may still be reluctance of surgical teams to allow EN following abdominal surgery despite evidence to the contrary 15 . The early use of prokinetic drugs in the PEPuP protocol might help to overcome this problem. However, we observed poor compliance with the practice of using prokinetic drugs empirically in these patients. This may be due to safety concerns with the use of metoclopramide or erythromycin. However, as noted in a recent review, the benefits probably outweigh the minimal risks in monitored ICU patients receiving short-term therapy 16 .
The absorption of nutrition is impaired in the critically ill 17, 18 and this impairment may be greater in patients following a major operation 19 , particularly when complex digestion is required prior to absorption. Unabsorbed nutrients that reach the distal small intestine/large intestine will stimulate secretion of gastrointestinal hormones, such as glucagon-like peptide 1, that will feed back to further impair gastrointestinal motility 20, 21 . Thus, using a semi-digested solution when commencing EN is intuitive and is supported by some evidence 22, 23 . However, we observed poor compliance with the initial use of a semi-digested solution in this study.
The strengths of this study are the prospective design, the large number of patients who contributed data and the diversity of hospitals over different countries included. Limitations are the large differences in numbers of patients included in the different groups, with a relatively small number of patients in the surgical PEPuP group (57 patients in the surgical PEPuP group versus 1413 patients in the surgical non-PEPuP group).
As with any observational study, the differences observed could be due to other confounding variables, not just the presence or absence of surgery. Finally, we did not consider the amount of calories or protein consumed via the oral route in our calculation of nutritional adequacy, given the difficulties in measuring this in a reliable and valid manner.
Conclusion
During intensive care admission, surgical patients appear to receive less nutrition than medical patients when in the ICU. While the PEPuP protocol promotes a strategy that improves delivery of EN to critically ill medical patients, we did not observe any improvement in nutritional delivery in surgical patients with the use of this strategy. This may be explained by imperfect or inadequate implementation of the PEPuP protocol outside randomised controlled trials. More research is needed to understand the barriers to providing EN in surgical patients in general and, specifically, to implementing components of the PEPuP protocol in this patient population.
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